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PROTECTOR FOR AN OPTICAL FIBER PROBE 

Technical field 

The present invention relates to physical engineering, in particular, to the study of the 
internal structure of objects by optical means, and can be used, for example, in low coherence 
reflectometers, in devices for optical coherence tomography, in spectral imaging devices applied 
for medical diagnostics of individual organs and systems including in vivo or in vitro diagnostics, 
as well as for industrial diagnostics such as control of technological processes. 



Background art 

Noninvasive diagnostics has become lately an object of great interest in medical practice, 
especially for studying intemal organs of a living body, because of its obvious advantages over 
traditional biopsy surgery. Noninvasive diagnostics became possible due to the development of 

15 devices based on delivering optical radiation to a biological tissue, collecting the optical 

radiation reflected or backscattered by it, and subsequent processing the informative signal and 
imaging the biological tissue. The optical radiation is deUvered by an optical fiber probe which is 
brought into contact with the biological tissue. Instruments used for in vivo medical studies must 
agree with sterility and disinfection requirements for the patient's safety. However, making the 

20 optical probe disposable might be economically impractical due to its high cost. Cleaning and 
disinfecting and/or sterilizing the probe prior to using it for a patient is time consuming, requires 
special equipment and shortens the time of effective use and the service life of the probe. In other 
cases, for example, for conducting studies in vitro or industrial diagnostics in aggressive 
mediums, it is necessary to take safety measures for the personnel working with the optical fiber 

25 probe and for protecting the probe itself firom its being exposed to the test medium. 

A solution to this problem was found by designing special optical fiber probe protectors, 
which cost much less than the optical fiber probe. That allows for making the protectors reusable 
after appropriate treatment, as well as disposable. 

A prior art protector for an optical fiber probe used for studying biological tissues, 

30 according to U.S. Pat. No. 5,771,327 comprises a hollow sheath of a tubular configuration. In a 
preferred embodiment the sheath is fabricated firom a rigid material such as plastic. A distal end 
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of the sheath is eqxiipped with a window, a proximal end of the sheath being interfaced with a 
hollow handle. The interior cavities of the sheath and the handle form a common space for 
placing the optical fiber probe in a position that the end face of the distal part of the optical fiber 
probe rests flatly on the inside surface of the protector window. The protector window is made of 
5 a rigid optically transparent material. In a preferred embodiment the handle includes a locking 
means for locking the optical fiber probe in the position. Nevertheless, there exists an air gap 
between the inner surface of the protector window and the end face of the distal part of the 
optical fiber probe due to rigidity of the material the protector window is made of and 
unevenness of its surface. For that reason the optical contact between the end face of the distal 

10 part of the optical fiber probe and the rigid protector window is not efficient and hence the 

optical contact between the end face of the distal part of the optical fiber probe and the biological 
tissue is not effective too. 

In the protector according to U.S. Pat. No. 5,930,440 of an analogous design the rigid 
protector window is replaced by a pliable membrane made fi:om polyurethane. The inventors 

15 beUeved that under a force appUed to the optical fiber probe its end face would abut against the 
pUable membrane and as a result the optical contact between the end face of the distal part of the 
optical fiber probe and the phable membrane would be effective. However, experience has 
shown that when using this protector power loses of the optical radiation may be considerably 
high. Besides, the optical radiation reflected or backscattered firom the end face of the distal part 

20 of the optical fiber probe and fi:om the inner surface of the protector window may be several 
orders of magnitude higher than the fiiendly optical signal reflected or backscattered firom the 
biological tissue. That leads to additional optical losses and artifacts in measurements provided 
by an optical device such as, for example, a device for optical coherence tomography. The later 
is due to the fact that, as well known, in order to maintain an effective optical contact between 

25 two surfaces the air gap between them must be essentially smaller (for at least an order of 
magnitude) than the optical radiation wavelength. It is evident that the use of a polyurethane 
membrane does not eUminate the unallowable air gap between the membrane and the end face of 
the distal part of the optical fiber probe. That is why, when using this protector it is necessary to 
place a drop of liquid gel or other fluid with an appropriate refi^action index onto the inner 

30 surface of the protector window before placing the optical fiber probe inside the working space. 
The fluid fills up the air gap, the later allowing for minimizing the optical loss and eliminating 
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artifacts in obtained images. However, this procedure is time consuming and fairly laborious, 
especially taking into account that the diameter of the protector may be 3 mm or less. Applying 
this fluid to the inner surface of the output window in the course of its manufacturing is 
impractical since it is impossible to retain the fluid on the surface in storage and shipping. 

5 A protector for an optical fiber probe used for studying biological tissues described in 

U.S. Pat. No. 6,383,209 overcomes the above-identified drawback. This protector comprises a 
hollow flexible sheath with a closed distal end and an open proximal end. The flexible sheath 
allows for an optical fiber probe to be placed inside of it. The end face of the flexible sheath 
comprises a window which is at least partially optically transparent. In a preferred embodiment 

10 the window is made of quartz. The sheath includes a fluid chamber placed in the distal end of the 
sheath and an inflation channel for delivering fluid to the chamber. The fluid filling the chamber 
provides an efficient optical contact between the end face of the distal part of the optical fiber 
probe and the protector window and hence provides an efficient optical contact between the end 
face of the distal part of the optical fiber probe and the biological tissue. 

15 A disadvantage of this protector is its implementation complexity subject to the fact that 

the protector must be equipped with a fluid supply and with a device for delivering fluid into the 
chamber. The later, especially when using the protector for a miniature optical fiber probe with a 
diameter of about 3 mm or less, intended for endoscopic studies, is an extremely complicated 
task. Besides, the requirements for durability and pliabiUty of the material the fluid chamber is 

20 made of are fairly severe, as well as for the material of the inflation channel. Another 

disadvantage of this prior art protector is that it does not allow to increase the fiiction coefficient 
between the outer surface of the protector window and the biological tissue. The later might 
occur necessary for preventing the protector window firom sliding over a hard svurface, for 
example, when studying teeth. 

25 

Summary of the invention 

The present invention is directed to a protector design for an optical fiber probe that 
ensures an effective optical contact between an end face of a distal part of an optical fiber probe 
and a biological tissue. The protector of the invention provides a temporary mechanical contact 
30 between the protector window and the biological tissue, it is technologically effective and can be 
implemented without using complex design solutions. 
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The developed protector for an optical fiber probe, similarly to that known firom U.S. Pat. 
No. 6,383,209 comprises a hollow sheath having a closed distal end and an open proximal end, 
the sheath allowing for an optical fiber probe to be placed inside the sheath, the closed distal end 
of the sheath being made as a protector window, and the protector window being at least partially 
5 optically transparent. 

Unlike the known protector, according to the invention an inner surface of the protector 
window is designed capable of forming a temporary adhesive contact with an end face of a distal 
part of the optical fiber probe under a pressure of an axial force exerted on the optical fiber probe 
placed inside the sheath. 

10 In a particular embodiment an outer surface of the protector window is designed capable 

of foraiing a temporary adhesive contact with the object being studied under the pressure of the 
axial force exerted on the optical fiber probe placed inside the sheath. 

It is preferable to manufacture the protector window firom a pliable and resilient material. 
It is desirable for the refiractive index of the material of the protector window at the 
15 operating wavelength to be defined by the following relation: 

Na = (Nb * ^cf\ where 
Na is the refractive index of the material of the protector window; 
Nb is the refractive index of the object being studied; 

Nc is the refractive index of the material of the distal part of the optical fiber probe. 
20 In a specific embodiment the refractive index of the material of the protector window, the 

refractive index of the object being studied, and the refractive index of the material of the distal 
part of the optical fiber probe have substantially equal values at the operating wavelength. 
It is appropriate to manufacture the protector window from a cured optical gel. 
In a specific embodiment the protector window may be manufactured from a jelly-like 
25 material. 

In another specific embodiment the protector window may be manufactured from a 
rubber-like material. 

In another particular embodiment the protector window is configured as at least a bilayer 
structure, whereas at least the layer, one of whose surfaces makes the inner surface of the 
30 protector window, is manufactured from a pliable and resilient material. 
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In another particixlar embodiment the layer, one of whose surfaces makes the outer 
surface of the protector window, manufactured from a pUable and resilient material. 

It is preferable that the refractive indexes of the materials of the layers configuring the 
protector window, the refractive index of the object being studied, and the refractive index of the 
5 material of the distal part of the optical fiber probe have substantially equal values at the 
operating wavelength. 

It is desirable that at least the layer, one of whose surfaces makes the inner surface of the 
protector window, is manufactured from a cured optical gel. 

In a particular embodiment at least the layer, one of whose surfaces makes the inner 
10 surface of the protector window, is manufactured from a jelly-like material. 

In another particular embodiment at least the layer, one of whose surfaces makes the 
inner surface of the protector window, is manufactured from a rubber-like material. 

In another embodiment at least the layer, one of whose surfaces makes the outer surface 
of the protector window, is manufactured from a cured optical gel. 
15 In a specific embodiment at least the layer, one of whose surfaces makes the outer surface 

- of the protector window, is manufactured from a jelly-like material. 

In another specific embodiment at least the layer one of whose surfaces makes the outer 
surface of the protector window, is manufactured from a rubber-like material. 

In another embodiment the protector window is made as a pliable membrane. 
20 In another embodiment the proximal end of the sheath is interfaced with a distal end of a 

hollow handle, whereas the interior cavities of the sheath and the handle form a common 
working space for placing the optical fiber probe inside the working space. 

It is desirable to have the handle equipped with a locking means for fixing the position of 
the optical fiber probe inside the working space. 
25 In another embodiment the hollow sheath is of a tubular shape. 

In another embodiment the cavity of the handle is of a tubular shape. 
In another embodiment the hollow sheath is made pliable. 
In another embodiment the hollow sheath is made rigid. 

In another embodiment the optical fiber probe is part of a spectral imaging device. 
30 In another embodiment the optical fiber probe is part of a device for optical coherence 

tomography. 
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In another embodiment the hollow sheath is manufactured from a material that is at least 
partially optically transparent. 

It is desirable to make the protector reusable. 
It is preferable to make the protector disposable. 
5 In one embodiment the object being studied is a biological tissue. 

In a specific embodiment the object being studied is a biological tissue of a living body. 
In another specific embodiment the object being studied is a soft biological tissue of a 

■ 

living body. 

In another specific embodiment the object being studied is a hard biological tissue of a 
10 living body. 

In another specific embodiment the object being studied is an intemal cavity of a living 

body. 

The invention presents modifications of a protector design for an optical fiber probe 
intended for studying an object. The object being studied can be a biological tissue, namely, a 

15 biological tissue of a living body, for example, an intemal cavity of a living body. The 

modifications of the protector design of the invention ensure an effective optical contact between 
the end face of the distal part of the optical fiber probe and the object being studied. In one 
modification the later is achieved by designing the inner surface of the protector window capable 
of forming a temporary adhesive contact with the end face of the distal part of the optical fiber 

20 probe under a pressure of an axial force exerted on the optical fiber probe placed inside a sheath. 
In another modification in addition to that, the outer surface of the protector window is designed 
capable of forming a temporary adhesive contact with the object being studied xmder the pressure 
of the axial force exerted on the optical fiber probe placed inside the sheath. To accomplish this 
in one embodiment the protector window is made of a pliable and resilient material, for example, 

25 of a cured optical gel. In another embodiment the protector window is configured as at least a 
bilayer structxire. In one case, at least the layer, one of whose surfaces makes the inner surface of 
the protector window, is manufactured from a pUable and resilient material. In another case, 
additionally the layer, one of whose surfaces forms the outer surface of the protector window, is 
manufactured from a pliable and resilient material, such as a cured optical gel. This provides a 

30 temporary mechanical contact between the outer surface of the protector window and the object 
being studied. The later prevents the protector window from sliding over the surface of the object 
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being studied and at the same time ensures an effective optical contact between the end face of 
the distal part of the optical fiber probe and the object being studied. The cured optical gel can 
be, e.g., jelly-like or rubber-like. Herewith, the value of the refi-active index of the protector 
window material at the at the operating wavelength is chosen taking into accoxmt the values of 

5 the refractive indexes of the distal part of the optical fiber probe and of the object being studied. 
In a particular embodiment the protector may be interfaced with a handle, which can be equipped 
with a locking means for fixing the position of the optical fiber probe. Particular shapes and 
types of the sheath and handle, belonging of the optical fiber probe to one or another optical 
device, the same as designation of the object being studied, characterize the invention in its 

10 particular specific embodiments. 

Brief Description of Drawings 

The features of the invention will be apparent firom the following detail description of 
preferred embodiments with reference to the accompanying drawings, in which: 
15 Fig. 1 is a cross-sectional view of a particular embodiment of the developed protector for 

an optical fiber probe. 

Fig. 2 is a cross-sectional view of another particular embodiment of the developed 
protector for an optical fiber probe. 

Detailed Description of the Invention 

The protector shown in Fig. 1 operates as follows. 

An optical fiber probe (not shown in the drawing) is placed inside a sheath 1, which is 
designed to allow for the optical fiber probe to be placed inside of it. A closed distal end 2 of the 
sheath 1 is made as a window 4, which is at least partially, optically transparent. An end face of a 
distal part of the optical fiber probe is brought into contact with an inner surface 5 of the window 
4. The inner surface 5 of the window 4 is designed capable of foraiing a temporary adhesive 
contact with the end face of the distal part of the optical fiber probe under a pressure of an axial 
force exerted on the optical fiber probe placed inside the sheath 1. An outer surface 6 of the 
protector window 4 is designed capable of forming a temporary adhesive contact with an object 
being studied (not shown in the drawing) under the pressure of the axial force exerted on the 
optical fiber probe placed inside the sheath 1. 
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The window 4 is manufactured from a pliable and resilient material, such as, e.g. cured 
optical gel of the Smartgel type, which is produced by NYE (USA). The cured optical gel can be 
jelly-like or rubber-like. Herewith, it is desirable for the refractive index of the material of the 
protector window 4 at the operating wavelength to be defined by the following relation: 
5 Na = (Nb * Nc)'^, where 

Na is the refractive index of the material of the protector window; 
Nb is the refractive index of the object being studied; 

Nc is the refractive index of the material of the distal part of the optical fiber probe. 

In a specific embodiment the refractive index of the material of the protector window 4, 
10 the refractive index of the object being studied, and the refractive index of the material of the 
distal part of the optical fiber probe at the operating wavelength may have substantially equal 
values. 

The protector with the optical fiber probe placed inside of the sheath 1 is positioned in a 
way to ensure delivery of optical radiation to the object being studied. In a specific embodiment 

15 when the optical fiber probe is an endoscopic probe, the protector is placed in a way that the 
outer surface 6 of the window 4 hes in direct contact with the object being studied. The pressure 
of the axial force is then exerted on the optical fiber probe, which forms a temporary adhesive 
contact between the inner surface 5 of the window 4 and the end face of the optical fiber probe. 
At the same time an adhesive contact is formed between the outer surface 6 of the window 4 and 

20 the object being studied that ensures a mechanical and effective optical contact between the 
window 4 and the object under study. Hence an effective optical contact is ensured between the 
end face of the optical fiber probe and the object being studied. After the study session is 
completed the axial force is relieved from the optical fiber probe. Since the adhesive contacts 
between the inner surface 5 of the window 4 and the end face of the optical fiber probe are 

25 temporary, as well as between the outer surface 6 of the window 4 and the object being studied, 
so after the axial force is relieved from the optical fiber probe the protector window is easily 
removed from the object being studied, and the probe is withdrawn from the sheath 1 with no 

» 

trouble. Then the sheath 1 is sterilized or disinfected either disposed. 

The protector shown in Fig. 2 operates analogous to that shown in Fig. 1 . The design of 
30 the protector of Fig. 2 differs from the design of the protector of Fig. 1 by the window 4 being 
configured as at least a bilayer structure. In the particular embodiment the window includes a 
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layer 7 and a layer 8. The layer 7 is manufactured from a pliable and resilient material. One of 
the surfaces of the layer 7, namely surface 9, makes the inner surface 5 of the window 4. The 
layer 8 is also manufactured from a pliable and resilient material. One of the surfaces of the layer 
8, namely the surface 10, makes the outer surface 6 of the window 4. Cured optical gel of the 
5 Smartgel type produced by NYE (USA), which can be jelly-like or rubber-like can be used, for 
example, as a material for the layer 7 and the layer 8. 

In a particular embodiment the refractive indexes of the materials of the layers 7, 8 
configuring the protector window 4, the refractive index of the object being studied, and the 
refractive index of the material of the distal part of the optical fiber probe have substantially 

10 equal values at the operating wavelength. 

In other respects, the protector for an optical fiber probe according to Fig. 2 is designed 
the same as the protector shown in Fig. 1 . 

In both designs the protector window 4 may be made as a pUable membrane. In both 
designs a proximal end 1 1 of the sheath 1 may be interfaced with a distal end of a hollow handle. 

15 In this case the interior cavities of the sheath 1 and the handle (not shown in the drawing) form a 
common working space for placing the optical fiber probe inside the working space. The handle 
may be implemented analogous to that described in U.S. Pat. No. 5,930,440 and may be 
equipped with a locking means for fixing the position of the optical fiber probe inside the 
working space (not shown in the drawing). The locking means may be analogous to that 

20 described in U.S. Pat. No. 5,930,440. The hollow sheath, the same as the cavity of the handle 
may be made tubular. In both protector designs, depending on the field of use the hollow sheath 
1 may be made pliable, for example, of polyurethane. Or it could be made rigid, for example, of 
plastic. The material, from which the sheath lis made, could be optically opaque or at least 
partially optically transparent. The protectors, shown in Fig. 1 and in Fig. 2, can be made 

25 reusable (in this case they must be cleaned and disinfected for each patient) or disposable. The 
object being studied may be a biological tissue, for example, a biological tissue of a living body. 
It can be a hard tissue, such as teeth, or a soft tissue, such as an internal cavity of a living body. 
The optical fiber probe for which the various embodiments of the protector are designed, may be 
part of a spectral imaging device, or part of a device for optical coherence tomography, or be part 

30 of any endoscopic equipment. 
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Industrial Applicability 

The invention can be utilized, for example, in low coherence reflectometers, in optical 
coherence tomography devices, in spectral imaging devices used for medical diagnostics of 
individual organs and systems of human body in vivo and in vitro, as well as for industrial 
5 diagnostics, such as control of technological processes. It should be noted that the invention may 
be implemented with the aid of standard faciUties. 



76700.00014^55118.1 



10 



